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1.0 INTRODUCTION 

This semi-annual groundwater monitoring report was prepared by GeoEngineers, Inc. (GeoEngineers) on 
behalf of NuStar Terminals Services, Inc. (NuStar) for the NuStar Vancouver Facility (Facility) in 
Vancouver, Washington (Figure 1). This report presents the results of the groundwater monitoring 
activities completed at the Facility during the third and fourth quarters of 2021. Additionally, the report 
includes a summary and evaluation of interim action monitoring data for the reporting period. 

The Facility is located at the Port of Vancouver (POV) Terminal No. 2 in Vancouver, Washington (Figure 1). 
The Facility Site Plan is shown on Figure 2. The property address is 2565 NW Harborside Drive, Port of 
Vancouver, Vancouver, Washington 98660 (Latitude: N45° 38.26’, Longitude: W122° 42.20’). The 
property is owned by the POV and leased by NuStar; the current extent of the leasehold is shown on 
Figure 2. The Facility is on the north shore of the Columbia River. Land adjacent to the Facility is industrial 
property also owned by the POV. The Facility is approximately 19 acres in size located on Clark County Tax 
Lot Nos.: 151979-000, 502010-002, 502010-000, and a portion of 502020-000, as well as a portion of 
the Washington Department of Natural Resources tideland area managed by the POV. 

2.0 GROUNDWATER MONITORING FIELD ACTIVITIES 

The groundwater monitoring was performed in general accordance with the Groundwater Monitoring Plan 
(GWMP; Ash Creek 2008), which was approved by the Washington State Department of Ecology (Ecology) 
in a letter to NuStar dated July 30, 2009. The monitoring program for the third and fourth quarters of 
2021 is summarized in Table 1. Deviations from the Table 1 program include the following: 

■ Monitoring wells MW-32i and MW-32s were not able to be accessed and therefore were not gauged 
during the third quarter 2021 event. They were gauged during the fourth quarter 2021 event and will 
be gauged according to the monitoring program in future events. 

Two monitoring events were conducted during this period: the third quarter 2021 groundwater monitoring 
event was conducted from September 13 through 16, 2021, and the fourth quarter 2021 event was 
conducted from December 6 through 10, 2021. 

2.1. Water Level Measurements 

Third quarter 2021 groundwater levels were measured on September 13, 2021, and fourth quarter 2021 
groundwater levels were measured on December 6, 2021. The depth to groundwater was measured at 
Facility monitoring wells, multi-level groundwater monitoring (MGMS) wells and selected off-leasehold 
wells (MW-14, MW-17, MW-23i, MW-25i, MW-26, MW-E, MW-F, S-1, and S-2). Monitoring well locations 
are shown on Figure 2. 

Depth to groundwater and groundwater elevation data are summarized in Table 2. The wells are screened 
in three different groundwater zones: Shallow, Intermediate, and Deep as defined in the Remedial 
Investigation report for the Facility (Apex 2013). 
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2.2. Monitoring Well Sampling and Analysis 

The sampling and analysis program for third and fourth quarter 2021 is summarized in Table 1. 
Groundwater monitoring data sheets for the sampling events are included in Appendix A. For quality 
assurance/quality control (QA/QC), field blanks and equipment blanks were prepared, and sample 
duplicates were collected from wells MW-7, MW-12, MW-19, and MGMS3-40 during the third and fourth 
quarter 2021 sampling events and from well MW-26 during the fourth quarter 2021 sampling event. 

For both sampling events, the samples were uniquely labeled, stored in insulated coolers with ice, and 
transported under chain-of-custody protocol to Apex Laboratories of Tigard, Oregon, for laboratory 
analysis. Samples were analyzed for halogenated volatile organic compounds (HVOCs) by U.S. 
Environmental Protection Agency (EPA) Method 8260B. Select samples were analyzed for total organic 
carbon (TOC) by SIM 5010C. Groundwater analytical results for both events are shown in Table 3. 
Historical data are tabulated in Appendix B. 

The terminal handled and distributed bulk fertilizer products, primarily urea but also mono-ammonium 
phosphate, continuously from 2014 up until September 2020. The former contract with the fertilizer 
supplier has been terminated and it is uncertain whether fertilizer will be handled at the terminal in the 
future under a new contract. Urea cannot be directly measured in water but can be estimated by analysis 
of the primary urea constituents: ammonia, nitrate, and nitrite. To evaluate for urea in groundwater during 
the third and fourth quarter 2021 monitoring events, Facility monitoring wells were sampled for nitrate as 
nitrogen and nitrite as nitrogen by EPA Method 300.0 and ammonia as nitrogen by EPA Method 350.1. 

Samples from select wells were also analyzed for ethene, ethane, and methane to assist in evaluating 
remedial parameters. Apex Laboratories subcontracted to Air Technology Laboratories of City of Industry, 
California, using chain-of-custody protocols, for laboratory analysis of ethene, ethane, and methane by 
Method RSK-175. 

3.0 GROUNDWATER ELEVATIONS 

Groundwater elevations and estimated elevation contours for the Shallow and Intermediate Zone wells 
for the third quarter 2021 are shown on Figures 3 and 4, respectively. Groundwater elevations and 
estimated elevation contours for the Shallow and Intermediate Zone wells for the fourth quarter 2021 are 
shown on Figures 5 and 6, respectively. 

3.1. Third Quarter 2021 

Shallow Zone. On September 13, 2021, depth-to-groundwater measurements were made at Shallow 
Zone monitoring wells in accordance with the groundwater monitoring plan provided in Table 1. The 
observed depths to groundwater in these wells ranged from 26.93 to 34.32 feet below the top of casing 
(BTOC), and the corresponding groundwater elevations in these wells ranged from 3.55 to 7.41 feet 
above mean sea level (MSL; Table 2). 

During the third quarter 2021 monitoring event, gauging of the Shallow Zone wells was completed 
between 9:15 AM and 1:48 PM. During the gauging activities, the water level in the adjacent 
Columbia River increased by 0.57 feet with a maximum river stage difference of 1.35 feet. River stage 
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data were obtained from the nearest National Oceanographic and Atmospheric Administration (NOAA) 
tide station (Columbia River: Vancouver), which is located approximately 0.5 mile upstream of the Facility. 

As shown in Table 2, groundwater elevations on average were 2.9 feet lower in September 2021 than 
during the previous monitoring event in March 2021. During the third quarter 2021 gauging event, and 
consistent with previous gauging data, there was a northwest to southeast groundwater divide between 
wells MW-10 located in the northwest and well MW-6 located in the southeast. To the south/southwest of 
the divide, groundwater flow was to the river; and to the north/northeast of the divide, groundwater flow 
was away from the river to the east/northeast (Figure 3). 

Intermediate Zone. On September 13, 2021, depth-to-groundwater measurements were made at 
Intermediate Zone monitoring wells in accordance with the groundwater monitoring plan provided in 
Table 1. Groundwater levels in Intermediate Zone wells were measured during a predicted tidal inflection 
to minimize the magnitude of tidal influence on water levels during the gauging event. Water levels were 
measured from Intermediate Zone wells between 11:58 AM and 1:36 PM on September 13, 2021. 
During the time interval in which Intermediate Zone wells were gauged, water levels in the adjacent 
Columbia River decreased by 0.75 feet. 

During the September 13, 2021 water level measurements, the observed depths to groundwater in the 
Intermediate Zone wells ranged from 27.01 to 30.62 feet BTOC, with groundwater elevations ranging 
from 2.92 to 7.40 feet above MSL (Table 2). As shown in Table 2, groundwater elevations in the 
Intermediate Zone were approximately 3.5 feet lower in September 2021 than during the previous 
monitoring event in March 2021. During the September 2021 gauging event, the Intermediate Zone 
groundwater gradient beneath the Facility was to the south towards the river (Figure 4). 

Deep Zone. Depth to groundwater was measured in well MW-24d, which is screened from 210 to 
230 feet below ground surface (bgs), within the Troutdale Formation. Depth to water in well MW-24d was 
30.23 feet BTOC, corresponding to an elevation of 3.68 feet above MSL. A groundwater potentiometric 
map was not prepared for Deep Zone groundwater. 

3.2. Fourth Quarter 2021 

Shallow Zone. On December 6, 2021, depth-to-groundwater measurements were made at Shallow Zone 
monitoring wells in accordance with the groundwater monitoring plan provided in Table 1. The observed 
depths to groundwater in these wells ranged from 23.88 to 32.71 feet BTOC, with groundwater elevations 
ranging from 4.52 to 7.46 feet above MSL (Table 2). 

During the fourth quarter 2021 monitoring event, gauging of the Shallow Zone wells was completed 
between 8:36 AM and 1:40 PM. During the gauging activities, the water level in the adjacent Columbia 
River decreased by 1.5 foot. As shown in Table 2, groundwater elevations on average were around 
2.2 feet higher in December 2021 than the previous gauging event in September 2021. 

A northwest to southeast trending groundwater divide was observed in the western and central portion of 
the property between wells MW-10 and MW-3. To the south/southwest of the divide, groundwater flow 
was generally to the river; and to the north/northeast of the divide, groundwater flow was away from the 
river to the east/northeast (as shown on Figure 5). 
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Intermediate Zone. During the December 6, 2021 gauging event, depth to groundwater was measured in 
Intermediate Zone wells between 12:22 PM and 1:36 PM. During this time period, water levels in the 
adjacent Columbia River decreased by 0.3 foot. The observed depths to groundwater in Intermediate 
Zone wells ranged from 25.47 to 29.01 feet BTOC, and groundwater elevations in these wells ranged 
from 5.33 to 6.71 feet above MSL (Table 2). As shown in Table 2, groundwater elevations on average 
were around 2.5 feet higher in December 2021 than the previous monitoring event in September 2021. 
During the June 17, 2021 gauging event, groundwater flow beneath the Facility was to the south towards 
the river (Figure 6). 

Deep Zone. Depth to water in Deep Zone well MW-24d was 26.69 feet BTOC, corresponding to an 
elevation of 7.22 feet above MSL (Table 2). 

4.0 GROUNDWATER SAMPLE ANALYTICAL RESULTS 

Complete copies of the laboratory reports for the third and fourth quarter 2021 groundwater monitoring 
events, including the quality assurance evaluation report and chain-of-custody documentation, are 
included in Appendix C. 

4.1. Third Quarter 2021 

The September 2021 monitoring program included the collection of groundwater samples from the wells 
identified in Table 1. Groundwater samples from these wells were analyzed for HVOCs, nitrate as nitrogen, 
nitrite as nitrogen, and ammonia as nitrogen. The HVOC and nitrate/nitrite/ammonia results for first 
quarter 2021 are summarized in Tables 3 and 4, respectively; volatile organic compound (VOC) data are 
shown on Figure 7, and nitrate and ammonia results are shown on Figure 8. 

4.2. Fourth Quarter 2021 

The December 2021 monitoring program included the collection of groundwater samples from the wells 
as shown in Table 1. 

The monitoring well samples were analyzed for HVOCs, nitrate as nitrogen, nitrite as nitrogen, and 
ammonia as nitrogen. The sample results for fourth quarter 2021 are summarized in Tables 3 and 4; VOC 
data are shown on Figure 9, and nitrate and ammonia results are shown on Figure 10. 

4.3. Evaluation of Results 

VOC concentration trend plots for each monitoring well are provided in Appendix D. Monitoring results 
demonstrate decreasing VOC concentration trends in Shallow and Intermediate Zone groundwater in 30 
of 33 monitoring wells. VOC concentration trends were slightly increasing for trichloroethene (TCE) and 
tetrachloroethene (PCE) in wells MW-17, MW-19, and MGMS3-132. The concentrations of PCE and TCE in 
wells MW-17 and MGMS3-132 have consistently been variable and relatively low (i.e., PCE ranging from 
less than 1 microgram per liter [µg/L] to 16.3 µg/L for MGMS3-132 and TCE ranging from less than 
0.5 µg/L to 28.2 µg/L for MW-17); therefore, it is difficult to identify a discernable concentration trend for 
the wells. The increasing VOC trends may be the result of the conversion of chlorinated hydrocarbon mass 
from PCE to TCE during reductive dechlorination. A discussion of reductive dechlorination and total molar 
ethene mass is presented in Section 5.3. 
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Ammonia, nitrate, and nitrite results are provided in Table 4 and on Figures 8 and 10. The highest 
concentrations of ammonia and nitrate were found in the western area of the property in Shallow Zone 
groundwater. Concentrations of ammonia and nitrate in the Intermediate Zone groundwater were more 
similar throughout the Facility, with slightly higher concentrations being found in localized areas in the 
center of the Facility. Fertilizer products have historically been stored at the Facility, although the specific 
products and storage areas have changed over time. Historical fertilizer handling operations ceased in 
late August 2008. The Facility obtained a new contract in 2014, and, at that time, resumed fertilizer 
handling and distribution processes. This fertilizer contract continued until it was terminated, and the last 
shipment was received in September 2020. There is currently no active receiving, handling, or 
distribution of fertilizer products at the NuStar facility. Historical nitrate results are also provided in 
Table 4. For wells in which historical data are available, the concentrations of nitrate and ammonia in 
September and December 2021 are generally similar to or less than historical results. A Supplemental 
Remedial Investigation (SRI) was initiated in the first semi-annual 2021 reporting period to further assess 
the nature and extent of ammonia, nitrates, and nitrites in groundwater at the Facility. The results of the 
SRI groundwater investigation are expected to be provided to Ecology in a memorandum by the end of 
first quarter 2022. 

5.0 INTERIM ACTION MEASURE ACTIVITIES 

Several interim actions have been implemented at the Facility, as listed below. 

■ Between 2000 and 2005, a remediation system operated at the Facility that included: (1) a re-
circulating system to treat groundwater, and (2) vapor extraction to treat soil. The interim action 
system pumped groundwater from extraction wells installed near the river, treated the pumped water 
with potassium permanganate, and then filtered and pumped the water into a series of injection wells 
along the railroad tracks. For soil, a soil vapor extraction (SVE) system withdrew soil vapors from wells 
IW-1, IN-2, IN-3, IN-4, EX-1, EX-3, EX-4, and EX-5. This SVE system was inactivated in 2005 because it 
no longer was removing significant VOC mass. 

■ Bioremediation injections for remediation of Facility groundwater and the installation of an SVE 
system for the remediation of HVOCs in vadose-zone soils was completed in the spring/summer of 
2008. These activities are herein referred to as the 2008 interim action. This SVE system has been 
operating since 2008. 

■ The SVE system was expanded, and additional bioremediation injections were completed during the 
summer of 2011, which is referred to herein as the 2011 interim action. Details of the 2008 and 
2011 interim actions are provided in the Interim Action Installation Report (Ash Creek 2009b) and the 
2011 Interim Action Evaluation Report (Ash Creek 2012), respectively. 

■ Additional bioremediation injections were completed in 2016 adjacent to the seawall at the Facility in 
accordance with the 2015 Interim Action Work Plan (Apex 2016). This work is referred to as the 2016 
interim action. The Interim Action Summary Report (Apex 2017) describes the scope and preliminary 
results of the 2016 interim action. 

The 2008, 2011, and 2016 interim actions and results to date are described in the following 
subsections. 
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5.1. Summary of 2008 and 2011 Interim Actions 

The 2008 interim action consisted of an SVE system in the vadose zone and enhanced anaerobic 
bioremediation of the Shallow Zone groundwater. The 2008 enhanced bioremediation locations and the 
SVE system layout are shown in Appendix E. The 2008 SVE system removed approximately 3,150 pounds 
of HVOCs between startup in September 2008 and the expansion in 2011. The mass removal rate at 
startup in 2008 was 58.8 pounds per day (lbs/day). The removal rate decreased to an average of 
1.7 lbs/day by the third quarter of 2011. A mass removal chart for the 2008 SVE system is provided in 
Appendix E. 

A soil and groundwater investigation in 2010 indicated that the 2008 interim action had reduced HVOCs 
in vadose-zone soils by 90 percent for PCE and 98 percent for TCE and had reduced total molar ethene 
concentrations in source area groundwater by 77 percent (Ash Creek 2011). The investigation results 
were summarized in an appendix to the 2011 Interim Action Work Plan (Work Plan; Ash Creek 2011) that 
was submitted to Ecology on March 25, 2011. The Work Plan included a proposal for the expansion of the 
SVE system to include 17 additional SVE well locations, additional bioremediation injections in the 2008 
interim action area, and bioremediation injections in an expanded interim action area. On May 23, 2011, 
Ecology approved the Work Plan. The bioinjection activities were conducted from July 21 through 
August 31, 2011, and the SVE installation activities were conducted from August 2 through 5, 2011, and 
August 29 through October 3, 2011. The 2008 and 2011 bioremediation injection locations are shown 
on Figure 11. 

The initial Facility SVE system installed in 2008, herein referred to as the 2008 SVE system, was 
comprised of 17 wells, divided among five branches, which were connected by a network of underground 
piping as shown on drawings provided in Appendix E. As part of the 2011 SVE system expansion, 
Branches 4 and 5 were disconnected from the other system branches and were connected to a new 
blower unit located approximately 150 feet to the northeast of the railroad tracks (Figure 13). The wells 
and piping associated with Branches 4 and 5 and the associated blower unit are herein referred to as the 
North System. 

In August 2011, 17 additional SVE well pairs (for a total of 34 additional SVE wells) were installed within 
and to the south of Warehouse No. 13 (a.k.a. the Butler Building), in general accordance with the Work 
Plan (Ash Creek 2011; Figure 13). For each well pair, one well is screened in vadose-zone soils from 10 to 
15 feet bgs and the second well is screened in vadose-zone soils from 15 to 25 feet bgs. These 17 well 
pairs, along with the Branch 1 through 3 wells from the 2008 SVE system, are piped underground to a 
blower unit located outside of the southeast corner of Warehouse No. 13. These SVE wells, associated 
underground piping, and the blower unit are herein referred to as the South System. 

5.2. Summary of 2016 Interim Action 

NuStar and the POV submitted a joint Feasibility Study (FS) to Ecology in March 2014 (Apex and 
Parametrix 2014). To avoid potential delays in groundwater treatment while working through the FS and 
the associated regulatory approval process, NuStar proposed to implement a portion of the 
recommended remedial action for the NuStar source area as an interim action. The details of the 
proposed interim action were submitted to Ecology in an Interim Action Work Plan on September 15, 
2015. After a 30-day public comment period from May 12 to June 10, 2016, the Work Plan was approved 
on June 14, 2016. The interim action consisted of bioremediation injections along the southern portion of 
the NuStar terminal near the seawall. Per Ecology’s request, the interim action also included baseline 
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sediment and surface water sampling in the Columbia River. Additionally, enhanced bioremediation 
injections were implemented in an isolated area to the northwest of the NuStar terminal (the Northwest 
[NW] Area), which has been less responsive to monitored natural attenuation than at the NuStar terminal. 
The NW Area bioremediation injections were completed as a joint project between NuStar and the POV. 

The NW Area injections were completed in July 2016 and included the injection of 52,000 gallons of 
bioremediation oil substrate (EOSPRO, diluted with water) into the Shallow Zone groundwater through 
30 boreholes in the vicinity of and between (NuStar) monitoring wells MW-14 and MW-26. Figure 12 
illustrates the approximate boring locations in the NW Area. The same substrate material was injected at 
the NuStar terminal in August and September 2016 and included the injection of 100,000 gallons of 
EOSPRO (diluted with water) into 72 borings along the southern portion of the Facility, adjacent to the 
seawall. Figure 12 identifies the approximate locations of the injection borings near the NuStar seawall. 
In accordance with the approved Interim Action Work Plan, a summary of the groundwater injection and 
surface/water sampling activities was provided to Ecology in an Interim Action Summary Report on 
June 29, 2017 (Apex 2017). The report included the results of the baseline surface water and sediment 
sampling as well as the results of two quarters of post interim action groundwater monitoring. A 
brief evaluation of the groundwater monitoring results from the interim action area is summarized in 
Section 5.3 below. 

5.3. Interim Action Monitoring and Evaluation 

This section summarizes the scope and results of groundwater monitoring that has been performed to 
evaluate the effectiveness of interim actions. Effectiveness is evaluated by reviewing HVOC and ethene 
concentration trends and TOC concentrations in groundwater. Effectiveness of the SVE system is 
evaluated based on the mass removal rate. 

5.3.1. Enhanced Bioremediation Injections 

Groundwater samples collected from wells MP-1, MW-7, MW-12, MW-13, MW-19, MW-24i, MW-26, 
MGMS1-43, MGMS2-40, and MGMS3-43 during the third and fourth quarter 2021 events were analyzed 
for TOC by EPA Method 5310 D and ethene by Method RSK-175, to evaluate the performance of the 
bioremediation injections. During the fourth quarter 2021 event, samples MW-12 and MP-1 were 
inadvertently not analyzed for ethene. 

In addition to the laboratory analysis of groundwater samples, field measurements of oxidation-reduction 
potential (ORP) and dissolved oxygen (DO) were collected from the monitoring wells during the third and 
fourth quarter 2021 monitoring events. Table 5 shows the results of interim action groundwater 
monitoring from the February 2007 baseline event through the fourth quarter 2021 monitoring event. 
Wells MW-24i and MGMS2-40 are not located within the 2008 interim action injection area but are 
located within the footprint of the 2011 and 2016 interim action areas; therefore, interim action 
monitoring data for these wells are presented from the second quarter 2011 baseline event through the 
fourth quarter 2021. Wells MW-13, MW-14, MW-19, MW-26, MGMS-1, and MGMS-3 are not located 
within the 2008 or 2011 interim action areas but are within the 2016 interim action area; therefore, 
monitoring data for those wells are presented from September 2016 through December 2021. 

A discussion of reductive dechlorination of HVOCs in groundwater from prior to the 2008 interim action 
through the fourth quarter 2021 is provided below. 
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5.3.1.1. VOC Concentrations Evaluation 
Bioremediation injections in the primary source area at the Facility were initiated in 2008 and expanded 
in 20111; bioremediation injections along the riverbank and in the NW Area were completed in 2016. 
Additionally, seven injection boreholes were advanced in 2016 in the area of wells MP-1 and EX, located 
on the western side of the (former) primary source area. The following paragraphs evaluate the results to 
date in each of these areas. 

Primary Source Area. Concentration trend plots for PCE, TCE, total dichloroethene (DCE), and vinyl 
chloride (VC) in 2008/2011 interim action area wells MW-7, EX2, MP-1, and MGMS2-40 are provided in 
Appendix F. VOC data are included from the baseline monitoring event that was completed prior to the 
2008 interim action (first quarter 2007; second quarter 2007 for well MGMS2-40) through December 
2021. The concentrations of PCE and TCE have decreased in each well. The concentrations of PCE and 
TCE in wells MW-7 and MGMS2-40 have been reduced by more than 85 percent since the interim 
measures were initiated. The concentrations of PCE and TCE in well MP-1 have decreased by 
approximately 90 percent and 93 percent, respectively, between the February 2007 baseline event and 
the December 2021 monitoring event. The concentration of PCE and TCE in well EX decreased by more 
than 99 percent between the February 2007 baseline event and the December 2018 monitoring event. 
As described in Section 2.0, monitoring well EX was identified as damaged during the first quarter of 
2019 and was decommissioned during the third quarter 2019. In April 2021, a replacement monitoring 
well was installed adjacent to the abandoned well location. During the first sampling events of the new 
well (June through December 2021) the PCE, TCE, and DCE concentrations were elevated above the 
concentrations measured during the last monitoring event in December 2018. This well will continue to 
be monitored to determine if concentrations trends are consistent with historical results from the 
abandoned well. 

Another indicator of effective treatment of chlorinated ethenes is a decrease in the total molar 
chloroethene concentration (the molar concentration of PCE, TCE, DCE, and VC combined). The use of 
total molar concentrations allows an assessment of changes in the total number of related contaminant 
molecules as the reductive dechlorination process transitions from the relatively heavy PCE to the 
progressively lighter TCE, DCE, and VC. Molar concentration trend plots for wells MW-7, EX, MP-1, and 
MGMS2-40 are provided in Appendix F. Between the February 2007 baseline event and the December 
2021 monitoring event, total molar concentrations in wells MP-1, MW-7 and MGMS2-40 decreased 
between 87 percent (well MGMS2-40) to over 99 percent (well MW-7). Between the February 2007 
baseline event and the December 2018 monitoring event, total molar concentrations in well EX 
decreased over 99 percent. Since replacement of well EX, the total molar ethene concentration the well 
groundwater is higher than February 2007 concentrations. Given the large time gap between the 
sampling of well EX in December 2018 and the sampling of the replacement well EX in June 2021, trends 
will continue to be evaluated after a few more quarters of data are collected from the new well. In 
addition, as discussed further in Section 7.0, NuStar will be proposing additional soil and water VOC 
investigation at the Facility in 2022. The results will be used to evaluate current VOC concentrations in 
the historical source areas and to further understand the remedial progress from interim actions 
conducted to date. 

 

1 The description of the primary source area or “source area” is detailed in the Remedial Investigation Report (Ash Creek, 2009a); the location is 
identified on Figure 2 of this report. 

2 Monitoring well EX has historically been referred to as EX-1 or EX. It is now referred to as EX. 
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Riverbank Area. Wells MW-12, MW-13, MW-19, MGMS1-43, and MGMS3-40 are located within the 2016 
riverbank interim action area and, therefore, are useful for evaluating the effectiveness of the 2016 
interim action. Concentration trend plots for PCE, TCE, DCE, and VC in these wells are provided in 
Appendix F. As shown on the trend plots, monitoring results from the 2016 interim action area indicate 
reductions in concentrations of PCE and TCE of over 97 percent in groundwater from wells MW-12, 
MW-13, and MGMS3-40 after the 2016 enhanced bioremediation injections. For example, concentrations 
of PCE and TCE in well MW-13 in June 2016, prior to the injection event, were 2,470 and 1,820 µg/L, 
respectively. By December 2021, PCE and TCE were detected at 4.97 and 3.28 µg/L, respectively. DCE 
concentrations have also decreased. The DCE concentrations in wells MW-12, MW-13, and MGMS3-40 
have all been reduced by greater than 94 percent since the 2016 enhanced bioremediation injections; 
concentrations of DCE in well MGMS1-43 have decreased by approximately 84 percent since 2007 and 
26 percent since 2016. Unlike wells MW-12 and MW-13, VOC concentrations in well MW-19 have not 
shown a response to the 2016 oil injections. Well MW-19 is in an area of consistently flat groundwater 
gradient, and it appears based on the TOC readings from this well (see Table 5) that the oil substrate did 
not reach the area of this well. However, the presence of VC in the groundwater samples from the well 
support that reductive dechlorination is occurring near the well. 

The third and fourth quarter 2021 results showed a continued decrease of ethenes in most of the 
riverbank wells suggesting that the oil substrate is becoming depleted and enhanced reductive 
dechlorination has slowed significantly in response. Additional discussion of ethene production is 
provided in the sections below. Future quarterly monitoring will be utilized to further evaluate these 
concentration trends, both in the Shallow Zone source area as well as outside of the source area 
treatment zone and in Intermediate Zone groundwater. 

Northwest Area. Wells MW-14 and MW-26 are located within the 2016 NW Area interim action area and, 
therefore, are useful for evaluating the effectiveness of the interim action in this area. Concentration 
trend plots for PCE, TCE, DCE, and VC in these wells are provided in Appendix F. Response to the 2016 
interim action injections was delayed and reduced in these wells, likely due to the typically flat or 
north/northwest groundwater gradient slowing the spread of the oil substrate. However, average 
concentrations of PCE and TCE pre-2016 injections remain higher than average concentrations post-
2016 injections for MW-14 and MW-26, indicating that although injections were not as effective in the 
NW Area, there still has been moderate success at decreasing concentrations. These wells are located on 
the periphery of the injection area, limiting their utility in monitoring the effectiveness of the injections. 
Continued quarterly groundwater monitoring will be conducted to further evaluate concentration trends. 
Additional soil and groundwater VOC investigation is being proposed in the northwest area and will likely 
be conducted in second quarter 2022. The additional data will provide updated information on the nature 
and extend of chlorinated VOCs offsite to the northwest of the NuStar leasehold. 

5.3.1.2. Ethene Evaluation 
Ethene is an end product of the reductive dechlorination process. The detection of ethene confirms the 
completion of the reductive dechlorination pathway and the destruction of the target HVOCs at the 
Facility. Ethene degrades quickly in most natural environments; therefore, observing increases in ethene 
concentration can be difficult. During the second semi-annual 2021 monitoring period, ethene was 
detected in five of the eleven 2016 interim action area monitoring wells sampled (MW-12, MW-13, 
MW-19, MGMS1-43, and MGMS3-40). Further discussion of ethene results is provided below. 
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Primary Source Area. While the focus of the 2016 interim actions was not located in the area historically 
identified as the “primary source area,” there was some overlap between the 2008/2011 interim action 
injection areas and the 2016 interim action injection area, namely in the vicinity of wells MP-1 and EX. 
Concentrations of ethene in well MP-1 reached a maximum of 328 µg/L in March 2017, decreased to 
83.2 µg/L in June 2017, and then decreased to below reporting limits (1.0 to 13 µg/L) in all samples 
collected since then (September 2017 through September 2021). These data suggest that the 2016 
bioremediation substrate injected near well MP-1 was effective for stimulating reductive dechlorination; 
however, the mass of substrate may be diminished. 

Ethene has been detected in well EX, with the highest concentration measured in June 2018 (99.2 µg/L). 
In the September 2018 monitoring event, ethene was detected an order of magnitude lower (2.9 µg/L) 
and not detected in well EX during the December 2018, June 2021, September 2021, or December 2021 
monitoring events. As described in Section 2.0, well EX was not sampled between December 2018 and 
June 2021; due to damage to the well, the well was decommissioned in September 2019 and a 
replacement well was installed adjacent to the former well on April 15, 2021. 

Monitoring well MGMS2-40 is located near, but outside of, the 2016 interim action injection area, and 
within the footprint of the 2011 interim action injection area. Ethene concentrations in well MGMS2-40 
increased in response to the 2011 injections and remained elevated, although with variability, through 
March 2018. Ethene was not detected in well MGMS2-40 in the July 2018 sample but was detected 
during subsequent monitoring event samples through December 2020, at concentrations ranging from 
1.4 to 78 µg/L. Ethene has not been detected (<1.0 µg/L) since the December 2020 monitoring event. 
The presence of ethene in several interim action area wells, along with decreasing PCE and TCE 
concentrations, indicates that reductive dechlorination has been ongoing near this well. 

Riverbank Area. Prior to the 2016 interim action injections, ethene was not present in groundwater in 
wells located in the 2016 interim action area, including wells MW-12, MW-13, and MGMS3-40, as shown 
in Table 5. Since the completion of the 2016 interim action injections, ethene has been detected in all 
four 2016 interim action area wells. The presence of ethene suggests that the 2016 injections have 
successfully resulted in the complete reductive dechlorination of the PCE and TCE. A summary of the 
presence and persistence of ethene in each riverbank area interim action well is provided below; ethene 
concentrations are tabulated in Table 5: 

■ Ethene concentrations in well MW-12 increased from non-detect, prior to the 2016 interim action, to 
75.2 µg/L in March 2017, and remained elevated between March 2017 and September 2017. 
Concentrations of ethene in well MW-12 have been variable since November 2017, with 
concentrations ranging from below reporting limits (ranging between 1.0 and 13.0 µg/L) up to 
56 µg/L, with a concentration during this reporting period (September 2021) of 18.0 µg/L. 

■ PCE and TCE concentrations in MW-13 have decreased significantly between September 2016 and 
June 2021 (from 5,090 µg/L and 951 µg/L, respectively, to 1.01 µg/L and 2.56 µg/L, respectively), 
but it was not until November 2017 that ethene was detected in the well. Beginning in November 
2017, concentrations of ethene rose to a maximum concentration of 500 µg/L in July 2018 and then 
decreased to 7.1 µg/L by December 2018. Since December 2018, the concentrations of ethene in 
MW-13 have been variable ranging from below the reporting limit of 1.0 µg/L (multiple events) to 
240 µg/L in September 2021 (240 µg/L). The ethene concentrations in MW-13 during September 
and December 2021 were 240 µg/L and 5.50 µg/L, respectively. 
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■ Ethene was first detected in well MW-19 during the September 2017 monitoring event and was 
detected consistently until December 2019, with the highest concentration (271 µg/L) detected 
during the June 2018 sampling event. Concentrations have since decreased and were below the 
detection limit (1.0 µg/L) in the December 2019 through December 2021 sampling periods, with the 
exception of detections during the March 2020, June 2020, June 2021, and September 2021 
sampling events (7.5, 5.0, 1.3, and 1.4 µg/L, respectively). As previously stated, VC concentrations in 
groundwater samples collected from well MW-19 in the June 2018 monitoring event were the highest 
since the well was first sampled in 2002. Since then, concentrations of VC have continued to 
decrease. Collectively, these data confirm reductive dechlorination around well MW-19 and that 
chlorinated VOC mass is being degraded. 

■ Ethene was detected in well MGMS3-40 during the first monitoring event after the 2016 injections 
(December 2016) and has been detected during each subsequent monitoring event through 
September 2021, at concentrations ranging from 4.1 µg/L to 242 µg/L. The only exceptions being 
the December 2019 and December 2021 sampling events when concentrations of ethene were 
below the detection limit (1.0 µg/L). 

NW Area. Ethene concentrations in wells MW-14 and MW-26 have not been detected above the reporting 
limit (1.0 to 13 µg/L) since ethene monitoring was initiated in September 2016. As stated above, these 
wells are located on the periphery of the injection area, limiting their utility in monitoring the effectiveness 
of the injections. 

5.3.1.3. Total Organic Carbon Evaluation 
The presence of elevated TOC indicates that the bioremediation injections have increased the electron 
donor carbon source needed to reductively dechlorinate the HVOCs present in groundwater at the Facility. 
While a baseline monitoring event was not conducted prior to the 2016 injection event, TOC data are 
available for wells MP-1 and MW-12 (riverbank area) for the event prior to the injections (June 2016) and 
the two events concurrent with and following the injections (September and December 2016). TOC was 
further analyzed between March 2017 and December 2021 at select wells. TOC results are tabulated in 
Table 5. A discussion of the TOC results is provided below. 

Primary Source Area. Seven bioremediation injection points were located near well MP-1 during the 
2016 interim action. In well MP-1, TOC values increased by over three orders of magnitude between June 
and September 2016, with concentrations remaining elevated during the December 2016 event. During 
the March 2017 event, the TOC values remained stable from the previous event; however, TOC values 
decreased in June 2017 by an order of magnitude and further decreased in September 2017 by another 
order of magnitude before remaining stable to slightly decreasing through December 2021. At well EX, 
the TOC concentration increased by two orders of magnitude following the 2016 interim action injections, 
then decreased an order of magnitude during the June 2017 event and has remained relatively 
consistent until the well was decommissioned at concentrations ranging between 11 and 44 milligrams 
per liter (mg/L). When the replacement well was sampled for the first time in June 2021, the TOC 
concentration had decreased to 5.32 mg/L and has remained at similar levels in September 2021 
(6.01 mg/L) and December 2021 (4.57 mg/L). These results indicate utilization of the oil substrate in the 
dechlorination of HVOCs, supporting the significant decreases in VOC concentrations observed following 
the 2016 bioremediation injections in this area. 
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Riverbank Area. The following describes TOC results in the riverbank portion of the 2016 interim action 
area (wells MW-12, MW-13, MW-19, MGMS3-40, and MGMS1-43). 

■ In groundwater collected from well MW-12, TOC concentrations increased by over three orders of 
magnitude between June and September 2016, with concentrations remaining elevated during the 
December 2016 monitoring event. Between December 2016 and March 2017, TOC concentrations in 
well MW-12 decreased by an order of magnitude and then gradually decreased another order of 
magnitude between June 2017 and June 2018. TOC concentrations have remained stable to slightly 
decreasing from July 2018 to December 2021. 

■ At well MW-13, TOC concentrations were elevated during the September 2016 sampling event, and 
then decreased by three orders of magnitude by the November 2017 event. TOC concentrations have 
remained relatively stable in well MW-13 through the December 2021 sampling event. 

■ At well MW-19, TOC values were low (one to two orders of magnitude below concentrations observed 
in wells MP-1 and MW-12) from September 2016 through November 2017, then increased by an 
order of magnitude during the March 2018 through June 2018 events. TOC concentrations 
decreased from June to September 2018, where they remained relatively stable (between 5.38 
and 19.7 µg/L) through December 2021. The only exception being in June 2020, when the TOC 
concentration was 40.1 µg/L. 

■ At well MGMS3-40, TOC concentrations increased during the September and December 2016 
groundwater monitoring events, then decreased by an order of magnitude during the March 2017 
event and have remained stable through December 2021. 

■ At well MGMS1-43, the TOC concentration in groundwater has remained relatively low and steady 
from September 2016 through December 2021 and does not appear to be significantly influenced 
from the oil injections in 2016. 

With the exception of well MGMS1-43, TOC concentrations in riverbank area wells indicate utilization of 
the oil substrate in the dechlorination of HVOCs, which is supported by decreasing VOC concentrations in 
most riverbank area wells. 

NW Area. In wells MW-14 and MW-26, TOC concentrations did not increase after the September 2016 
injections. TOC levels in these wells have historically been low and stable. Concentrations of TOC in well 
MW-14 increased an order of magnitude, from 5.06 mg/L in September 2018 to 50 mg/L in December 
2019 before decreasing to 4.22 mg/L in June 2020 and remained low and stable through the 
December 2021 sampling event. 

Summary of Enhanced Bioremediation Results Following the 2016 Interim Action. The 2016 
groundwater interim action was implemented in July through September 2016 and included over 72 
bioremediation injections at the NuStar Facility and 30 bioremediation injections at the off-facility 
NW Area. Since implementation, groundwater in the 2016 interim action area has been monitored for 20 
quarters for indicators of reductive dechlorination. The results from the third and fourth quarter 2021 
sampling events are consistent with previous events and indicate that reductive dechlorination is 
occurring. Specifically: 
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■ Up to three orders of magnitude reduction of PCE and TCE concentrations have been observed 
between the September 2016 and December 2021 monitoring events in many of the 2016 interim 
action area wells. 

■ Observed trends in breakdown product concentrations are consistent with reductive dechlorination of 
chlorinated ethene compounds. 

■ After the 2016 injections, ethene was first detected in four riverbank interim action monitoring wells 
in March 2017. Detections of ethene in Facility wells have continued through December 2021, 
although concentrations are starting to taper off in many of the wells. TOC concentrations are also 
decreasing and are below 10 mg/L in the majority of wells, indicating that an additional injection 
event may be needed in the area to further reduce VOC concentrations and achieve site goals. 

■ As identified above, wells MW-14 and MW-26 are located on the periphery of the injection area in the 
NW Area and provide limited utility in evaluating the effectiveness of the 2016 interim action in this 
area. However, VOC and ethene concentrations in these wells have continued to decrease supporting 
that reductive dechlorination is occurring in this area. 

5.3.2. SVE Systems–Monitoring and Mass Removal Evaluation 

The following paragraphs summarize the monitoring and analytical results as well as the total VOC mass 
removal for the North and South SVE Systems at the Facility. Field vapor measurements were collected 
with a photoionization detector (PID). Effluent vapor samples from the SVE systems were collected into 
Summa™ canisters and submitted to Eurofins Air Toxics Inc. in Folsom, California, for analysis of HVOCs 
by EPA Method TO-15. 

The North SVE System has been non-operational since May 2017 due to the blower motor failing. The 
rotor is locked and blown fuses were noted on two of the three legs. A replacement blower is required to 
return the North SVE system to operation. The terminal is planning modifications to the rail alignment at 
the Facility to accommodate modifications to one of its storage areas; part of the planned work will 
require the abandonment and potential relocation of several of the SVE wells in the North SVE system. As 
of December 2021, the modifications to the terminal infrastructure have not been initiated and the North 
SVE system remains non-operational. 

Starting in May 2018, SVE monitoring events have occurred on a bi-monthly, rather than monthly, basis 
after it was deemed frequent enough to sufficiently maintain the system and quantify mass removal. 
The first SVE system monitoring event of the second semi-annual reporting period was conducted on 
August 25, 2021. Results from this sampling indicated that the carbon filter material was fully utilized, 
and the system was turned off on September 13, 2021 until the carbon could be replaced. On 
November 10, 2021 representatives from Pacific Coast Carbon removed the spent carbon and replaced 
the SVE System filter vessels with clean carbon. The SVE system was returned to operation after the 
carbon change out event. The second SVE system monitoring event of the second semi-annual reporting 
period was conducted on November 19, 2021. During this event, a pre-carbon sample was collected but 
the post carbon sample was not able to be sampled due to a leak in the sampling system. The post 
carbon sample was collected on December 6, 2021. 

North SVE System operational and analytical data are provided in Tables 6 and 7, respectively. As 
discussed above, the North SVE system was not operational during this reporting period; therefore, data 
are from the period prior to May 2017. South SVE System operational and analytical data are provided in 
Tables 8 and 9, respectively. 



 

  February 15, 2022 | Page 14 
 File No. 19001-009-04 

SVE System Mass Removal. The approximate VOC mass removed by the North and South SVE Systems is 
presented in Tables 10 and 11 and on Figures 14 and 15, respectively. The North and South Systems 
have removed approximately 232 and 4,626 pounds of HVOCs, respectively, since startup in October 
2011. Including the mass removed from the 2008 SVE System, the total mass removal by SVE at the 
Facility to date is approximately 8,078 pounds. 

6.0 INFRASTRUCTURE MAINTENANCE 

The following section describes maintenance and upgrades at the site. 

6.1. SVE System 

In November 2017, blue water was observed in the knockout drum for the south SVE system and has 
been observed intermittently since that time. Troubleshooting to find the source of the blue water has 
been ongoing. As detailed in previous groundwater monitoring reports prepared for the Facility since 
2017, the condition of the SVE system blower, wells, and piping has been continuously assessed 
to identify the source of the blue water. Troubleshooting will continue to determine the source of the 
blue water. 

No blue water was observed in the knockout drum during the August 25, 2021 SVE system monitoring 
event. During the November 19, 2021 SVE system monitoring event, approximately 6 gallons of blue 
water were observed in the knockout drum and subsequently removed. Typically, the blue water is only 
observed from late autumn through early summer and is correlated with local precipitation. 

As discussed in Section 5.3.2, on November 10, 2021, the granulated carbon filter in the soil vapor 
extraction system was removed and replaced with clean carbon by representatives of Pacific Coast 
Carbon, LLC. The spent carbon was sampled and then stored in large sacks at the terminal, pending 
characterization for disposal. The laboratory results indicated the spent carbon was hazardous waste 
based on the concentrations of several HVOCs. The spent carbon was disposed of as hazardous waste at 
the Chemical Waste Management facility in Arlington, Oregon, on January 3, 2022. 

7.0 FUTURE ACTIVITIES AND SUPPLEMENTAL REMEDIAL INVESTIGATION 

Groundwater monitoring on a quarterly basis and reporting on a semi-annual basis will continue in 
accordance with the Groundwater Monitoring Plan approved by Ecology in 2008 (Ash Creek 2008). 

SVE system operations and maintenance will continue bi-monthly in accordance with the schedule 
proposed in the 2011 Interim Action Evaluation Report (Ash Creek 2012). 

In 2019, Ecology issued Agreed Order DE 15806 for a supplemental remedial investigation for the 
presence of metals in site media due to operations at the adjacent Kinder Morgan Bulk Terminal and 
ammonia, nitrates, and nitrites due to fertilizer operations at NuStar. As a requirement of the Agreed 
Order, NuStar, the POV, and Kinder Morgan (the Parties) submitted a Draft Supplemental Remedial 
Investigation Work Plan (SRIWP) to Ecology in February 2020 (Cascadia 2020b), proposing a stormwater, 
soil, groundwater, and sediment investigation to evaluate the nature and extent of metals and fertilizer 
constituents in site media. The Work Plan also included additional delineation of VOCs in groundwater to 
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APPENDIX C 
DATA QUALITY REVIEW 
 

1.0 INTRODUCTION 

This appendix documents the results of a quality assurance/quality control (QA/QC) review of the 
analytical data for groundwater samples collected during the September and December 2021 
groundwater sampling events, and air samples collected during the August, November, and December 
2021 soil vapor extraction (SVE) effluent sampling events. The samples were collected at the NuStar 
Terminals Services, Inc. (NuStar) Vancouver Facility (Facility) in Vancouver, Washington, and submitted to 
Eurofins Air Toxics in Folsom, California, and Apex Labs in Tigard, Oregon. A list of the laboratory reports is 
presented below. A copy of each analytical laboratory report is included in this appendix.  

Report Report Date Sample Date Sampling Event 

A1I0458 9/29/2021 9/14/2021 First Quarter Groundwater Monitoring Event 

A1O0533 10/5/2021 9/15/2021 First Quarter Groundwater Monitoring Event 

A1I0571 10/5/2021 9/16/2021 First Quarter Groundwater Monitoring Event 

A1L0236 12/28/2021 12/7/2021 Second Quarter Groundwater Monitoring Event 

A1L0317 12/28/2021 12/8/2021 Second Quarter Groundwater Monitoring Event 

A1L0366 12/29/2021 12/9/2021 Second Quarter Groundwater Monitoring Event 

A1L0413 12/29/2021 12/10/2021 Second Quarter Groundwater Monitoring Event 

2108625 9/10/2021 8/25/2021 Soil Vapor Extraction System Monitoring 

2111593 12/7/2021 11/19/2021 Soil Vapor Extraction System Monitoring 

2112270 12/29/2021 12/8/2021 Soil Vapor Extraction System Monitoring 

2.0 DATA VALIDATION 

The QA review outlines the applicable QC criteria utilized during the data review process, as well as any 
deviations from those criteria. Examination and validation of the laboratory summary reports include: 

■ Analytical preparation and quantitation methods; 

■ Analytical method holding times; 

■ Sample handling; 

■ Chain-of-custody handling; 

■ Detection and reporting limits; 

■ Method blank, field blank, equipment blank and trip blank detections; 



  February 15, 2022| Page C-2 
 File No. 19001-009-04 

■ Laboratory control samples, matrix spikes and surrogates to assess laboratory accuracy; 

■ Laboratory control sample duplicates, matrix spike duplicates and laboratory duplicates to assess 
laboratory precision; and 

■ Field duplicates to assess sampling and laboratory precision. 

The QA review did not include a review of raw data. 

3.0 ANALYTICAL METHODS 

Chemical analyses for water samples consisted of volatile organic compounds (VOCs) by U.S. 
Environmental Protection Agency (EPA) Method 8260C. Select groundwater samples were also analyzed 
for total organic carbon (TOC) by EPA Method 5310, ethene by Method RSK-175, ammonia as nitrogen by 
EPA Method 4500-NH3 G and nitrate as nitrogen and nitrite as nitrogen by EPA Method 300.0. SVE 
effluent vapor samples were analyzed for VOCs using EPA Method TO-15.  

4.0 QUALITY ASSURANCE OBJECTIVES AND REVIEW 

The general QA objectives for this project were to develop and implement procedures for obtaining, 
evaluating, and confirming the usability of data of a specified quality for monitoring groundwater quality 
trends and SVE monitoring data at the Facility. To collect such information, analytical data must have an 
appropriate degree of accuracy and reproducibility, samples collected must be representative of actual 
field conditions, and samples must be collected and analyzed using unbroken chain-of-custody 
procedures. 

Reporting limits and analytical results were compared to action levels for each parameter in the media of 
concern. Precision, accuracy, representativeness, completeness, and comparability parameters used to 
indicate data quality are defined below. 

Sample Receipt. Groundwater samples were received by the laboratory in good condition and on ice. 
Volatile Organic Analysis (VOA) containers for VOC analysis arrived without headspace with the exceptions 
of 1 of 5 bottles from sample MGMS1-43 (report A10458),  2 of 5 bottles from samples MW-12 and MW-
13 (report A10458), and 1 of 5 bottles on MW-19 (report A1L0317). Field staff check for headspace 
when collecting samples and sealing bottles and additional sample volume is added if headspace is 
present.  

Reporting Limits. Detection limits are set by the laboratory and are based on instrumentation abilities, 
sample matrix, and suggested detection limits by the EPA or the Washington State Department of Ecology 
(Ecology). In some cases, the detection limits may be raised due to high concentrations of analytes in the 
samples or matrix interferences. Detection limits were generally consistent with industry standards and 
below promulgated regulatory standards when possible (if not raised, as previously discussed). Reporting 
limits were reviewed and are generally acceptable for this project. Reporting limits for individual samples 
are varied based on the magnitude of the chemical impact. It is not expected that any of the raised 
detection limits compromise the usability of the data.  
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Holding Times. Samples were analyzed within the recommended method holding time, except for nitrate 
and nitrite in the following  samples during the fourth quarter 2021: MW-9, MW-23i, MGMS3-1(132), 
MGMS3-2(110), MGMS3-3(60), MGMS-4(40), MGMS-4(40) DUP, MW-15, and EX. The hold time for 
nitrate is 48 hours and the initial analysis of samples were made within the recommended hold time. 
Samples were rerun out of hold time due to standard failure during initial analysis. Project data have 
flagged with the H-01 qualifier to indicate the hold time exceedances. 

Calibration and Analysis. Calibration verification was outside of acceptable limits for select VOCs in each 
sample batch. As the corresponding sample results are below method reporting limits and are not 
considered chemicals of concern for this project, no data were flagged. All other calibrations were within 
the control limits for analytes presented in Table 3.  

Method Blanks. A method, or laboratory, blank is a sample prepared in the laboratory along with the 
actual samples and analyzed for the same parameters at the same time. It is used to assess if detected 
contaminants may have been the result of contamination of the samples in the laboratory. No analytes 
were detected in the laboratory method blanks for the water or air analyses. 

Laboratory Control Samples and Laboratory Control Sample Duplicate. Laboratory Control Samples 
(LCS) and Laboratory Control Sample Duplicates (LCSD) were analyzed to assess the accuracy of the 
analytical equipment and methods. LCS are prepared from an analyte-free matrix that is then spiked with 
known levels of the constituents of interest (COI; i.e., a standard). The concentrations are measured, and 
the results compared to the known spiked levels. This comparison is expressed as percent recovery. The 
LCS and LCSD recovery for each QC batch was within acceptable recovery limits, with the following 
exceptions: 

■ Report A1I0458. The LCS recovery of bromomethane, carbon tetrachloride, 2,2-dichloropropane, and 
1,1,1,2-tetrachloroethane was outside acceptable limits for sample batch 1090702. The LCS 
recovery of bromomethane, carbon tetrachloride, 2,2-dichloropropane, and 1,1,1,2-tetrachloroethane 
was outside acceptable limits for sample batch 1090762. The LCS recovery of bromomethane, 
dichlorodifluoromethane, 2,2-dichloropropane, 1,2,4-trichlorobenzene, and trichlorofluoromethane 
was outside acceptable limits for sample batch 1090827.  No associated sample data were 
detected; therefore, no sample data were flagged. 

■ Report A1I0533.  The LCS recovery of bromomethane, carbon tetrachloride, 2,2-dichloropropane, and 
1,1,1,2-tetrachloroethane was outside acceptable limits for sample batch 1090762.. The LCS 
recovery of bromomethane, carbon tetrachloride, dibromochloromethane, dichlorodifluoromethane, 
2,2-dichloropropane, trans-1,3-dichloropropene, and 1,1,1,2-tetrachloroethane was outside 
acceptable limits for sample batch 1090803. The LCS recovery percentage chloromethane, 
2,2-dichloropropane, hexachlorobutadiene, 1,2,3-trichlorobenzene, and 1,2,4-trichlorobenzene was 
outside acceptable limits for sample batch 1090877. No associated sample data were detected; 
therefore, no sample data were flagged. 

■ Report A1L0236. The LCS recovery of bromoform, chloromethane, 2,2-dichloropropane, 
hexachlorobutadiene, and trichlorofluoromethane in sample batch 21L0287was outside acceptable 
limits. The LCS recovery of bromoform, chloromethane, and 2,2-dichloropropane in sample batch 
21L0376 was outside acceptable limits. The LCS recovery of trichlorofluoromethane in sample batch 
21L0452 was outside acceptable limits. No associated sample data were detected; therefore, no 
sample data were flagged. 
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■ Report A1L0317. The LCS recovery of trichlorofluoromethane was outside acceptable limits in sample 
batch 21L0452. No associated sample data were detected; therefore, no sample data were flagged. 

■ Report A1L0366. The LCS recovery  of chloroethane and trichlorofluoromethane was outside 
acceptable limits for sample batch 21L0537. The LCS recovery of chloroethane, chloromethane, 
2,2-dichloroproene, and trichlorofluoromethane was outside acceptable limits for sample batch 
21L0589. The LCS recovery of bromomethane, chloromethane, and trichlorofluoromethane was 
outside acceptable limits for sample batch 21L0620. The LCS recovery of bromomethane, 
chloromethane, hexachlorobutadiene, and trichlorofluoromethane was outside acceptable limits for 
sample batch 21L0658. No associated sample data were detected; therefore, no sample data were 
flagged.  

■ Report A1L0413. . The LCS recovery of bromomethane, chloromethane, and trichlorofluoromethane 
was outside acceptable limits for sample batch 21L0620. The LCS recovery of bromomethane, 
chloromethane, hexachlorobutadiene, and trichlorofluoromethane was outside acceptable limits for 
sample batch 21L0658. No associated sample data were detected; therefore, no sample data were 
flagged. 

The LCS is then compared to the LCSD of the same batch and expressed as a relative percent difference 
(RPD) value. The percent recovery and RPD values are then compared to control limits to assess data 
quality. The RPDs between the LCS and LCSD were within an acceptable range. 

Matrix Spike Analyses. A matrix spike QC sample is used to assess the performance of the analytical 
method by determining potential matrix interferences. Matrix spike (MS) and matrix spike duplicate (MSD) 
analyses are performed on one environmental sample per analytical batch. An MS sample uses an 
environmental sample that is spiked with known concentrations of analytes of interest. The MS is then 
prepared and analyzed with the same analytical procedures as environmental samples in the analytical 
batch. The resulting concentration of the MS is then compared to the known—or true—values plus the 
non-spiked environmental sample concentration. This comparison is expressed as a percent recovery. 
The MSD is then compared to the MS of the same batch and expressed as an RPD value. The percent 
recovery and RPD values are then compared to control limits to assess data quality. 

The recovery from the following MS and MSD samples were outside of control limits: 

■ Report A1I0458. The MS recovery percentage (using sample MW-9) was outside acceptable limits for 
bromomethane, carbon tetrachloride, cis-1,2-dichloroethene, and 1,1,1,2-tetrachloroethane for 
sample batch 1090702. The MS recovery percentage (using the non-source sample) was outside 
acceptable limits for bromodichloromethane, bromomethane, carbon tetrachloride, 
2,2-dichloropropane, and 1,1,1,2-tetrachloroethane for sample batch 1090762. The MS recovery 
percentage (using the non-source sample) was outside acceptable limits for bromomethane, carbon 
tetrachloride, 2,2-dichloropropane, and 1,1,1,2-tetrachloroethane for sample batch 1090827. 
No associated sample data were detected, with the exception of cis-1,2-dichloroethene in sample 
MW-9 which had associated LCS recoveries within acceptable limits; therefore, no sample data were 
flagged as a result.  

■ Report A1I0533. The MS recovery percentage (using sample MW-21i-40) was outside acceptable 
limits for bromodichloromethane, bromomethane, carbon tetrachloride, cis-1,2-dichloroethene, 
2,2-dichloropropane, and 1,1,1,2-tetrachloroethane for sample batch 1090762. The MS recovery 
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percentage (using sample MW-20i) was outside acceptable limits for bromomethane, carbon 
tetrachloride, cis-1,2-dichloroethene, hexachlorobutadiene, and 1,1,1,2-tetrachloroethane for sample 
batch 1090803. The MS recovery percentage (using the non-source sample) was outside acceptable 
limits for bromobenzene, chloromethane, 2-chlorotoluene, 4-chlorotoluene, 1,2-dichlorobenzene, 
1,3-dichlorobenzene, 1,4-dichlorobenzene, hexachlorobutadiene, 1,2,3-trichlorobenzene, and 
1,2,4-trichlorobenzene for sample batch 1090877. No associated sample data were detected, with 
the exception of cis-1,2-dichloroethene in samples MW-21i-40 and MW-20i which had associated LCS 
recoveries within acceptable limits; therefore, no sample data were flagged as a result. 

■ Report A1L0236. The MS recovery percentage (using the non-source sample) was outside acceptable 
limits for hexachlorobutadiene for sample batch 21L0376. No associated sample data were 
detected; therefore, no sample data were flagged as a result. 

■ Report A1L0366. The MS recovery percentage (using sample MW-6) was outside acceptable limits for 
bromochloromethane for sample batch 21L0537. The MS recovery percentage (using the non-source 
sample) was outside acceptable limits for bromochloromethane, 1,3-dichlorobenzene, 
tetrachloroethene (PCE), and trichlorofluoromethane for sample batch 21L0589. The MS recovery 
percentage (using the non-source sample) was outside acceptable limits for PCE and 
trichlorofluoromethane for sample batch 21L0620. The MSD recovery percentage for sample batch 
21L0620 (using the non-source sample) was also outside acceptable limits for PCE. The MS recovery 
percentage (using the non-source sample) was outside acceptable limits for PCE and 
trichlorofluoromethane for sample batch 21L0658. The MSD recovery percentages for sample batch 
21L0658 (using the non-source sample were within acceptable limits for analytes analyzed. No 
associated sample data were detected, with the exception of PCE in samples that had associated LCS 
recoveries within acceptable limits; therefore, no sample data were flagged as a result. The MS and 
MSD recovery percentages were below acceptable limits for ammonia as nitrogen for sample batch 
21L0419. Associated LCS recoveries were within limits; therefore, no sample data were flagged.  

■ Report A1L0413. The MS recovery percentage (using the non-source sample) was outside acceptable 
limits for PCE and trichlorofluoromethane for sample batch 21L0620.  The MSD recovery percentage 
for sample batch 21L0620 (using the non-source sample) was also outside acceptable limits for PCE. 
The MS recovery percentage (using the non-source sample) was outside acceptable limits for PCE 
and trichlorofluoromethane for sample batch 21L0658. The MSD recovery percentages for sample 
batch 21L0658 (using the non-source sample were within acceptable limits for analytes analyzed. No 
associated sample data were detected, with the exception of PCE in samples that had associated LCS 
recoveries within acceptable limits; therefore, no sample data were flagged as a result.  

The RPD between the corresponding MS and MSD samples was within an acceptable range, indicating 
that the precision of the analysis process was acceptable.  

No MS or MSD samples were analyzed as part of the air sample QC batch. 

Surrogate Recovery. Surrogates are organic compounds that are similar in chemical composition to the 
COI and are spiked into environmental and batch QC samples prior to sample preparation and analysis. 
Surrogate recoveries for environmental samples are used to evaluate matrix interference on a sample-
specific basis. Surrogate recoveries were within acceptable control limits. 
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Laboratory Duplicate. A laboratory duplicate is a second analysis of an environmental sample received 
by the laboratory, which serves as an internal check on laboratory quality as well as potential variability of 
the sample matrix. The laboratory duplicate concentration is compared to the primary sample 
concentration to assess the precision of the analytical method. This comparison can be expressed by the 
RPD between the original and duplicate samples. The laboratory duplicate sample RPD values were 
within the recommended RPD range.  

Field Duplicate. A field duplicate is a second field sample collected from a selected monitoring point. 
Field duplicate samples serve as a check on laboratory quality as well as potential variability of the 
sample matrix. The field duplicate is analyzed and compared with the primary sample to assess the 
precision of the analytical method. This comparison can be expressed by the RPD between the 
primary and duplicate samples. The field duplicate sample RPD values were within the recommended 
limit of +/- 30%. 

Conclusion. In conclusion, the overall QA objectives have been met and the data are of adequate quality 
for use in this project with appropriate lab qualifiers. 
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